Calcineurin dephosphorylates nuclear factor of activated T cells transcription factors, thereby facilitating T cell-mediated immune responses. Calcineurin inhibitors are instrumental for immunosuppression after organ transplantation but may cause side effects, including hypertension and electrolyte disorders. Kidneys were recently shown to display activation of the furosemide-sensitive Na-K-2Cl cotransporter (NKCC2) of the thick ascending limb and the thiazide-sensitive Na-Cl cotransporter (NCC) of the distal convoluted tubule upon calcineurin inhibition using cyclosporin A (CsA). An involvement of major hormones like angiotensin II or arginine vasopressin (AVP) has been proposed. To resolve this issue, the effects of CsA treatment in normal Wistar rats, AVPdeficient Brattleboro rats, and cultured renal epithelial cells endogenously expressing either NKCC2 or NCC were studied. Acute administration of CsA to Wistar rats rapidly augmented phosphorylation levels of NKCC2, NCC, and their activating kinases suggesting intraepithelial activating effects. Chronic CsA administration caused salt retention and hypertension, along with stimulation of renin and suppression of renal cyclooxygenase 2, pointing to a contribution of endocrine and paracrine mechanisms at long term. In Brattleboro rats, CsA induced activation of NCC, but not NKCC2, and parallel effects were obtained in cultured cells in the absence of AVP. Stimulation of cultured thick ascending limb cells with AVP agonist restored their responsiveness to CsA. Our results suggest that the direct epithelial action of calcineurin inhibition is sufficient for the activation of NCC, whereas its effect on NKCC2 is more complex and requires concomitant stimulation by AVP.
recent research has been focused on pathogenetic mechanisms underlying their renal side effects. Studies from our and other groups have suggested that inhibition of calcineurin in the distal nephron results in an activation of the crucial cation-coupled chloride cotransporters (CCC), the furosemide-sensitive Na-K-2Cl cotransporter type 2 (NKCC2) of the thick ascending limb (TAL) and the thiazide-sensitive Na-Cl cotransporter (NCC) of the distal convoluted tubule (DCT). As a result, salt retention, volume expansion, and hypertension have been reported (2, 13, 36) . NKCC2 and NCC share several conserved NH 2 -terminal serine/threonine phosphoacceptor sites (7, 8, 10) . Phosphorylation of these residues by a kinase cascade comprising members of the with-no-lysine [K] kinase family (WNK) and two homologous Ste20-related kinases, Ste20-related proline/alanine-rich kinase (SPAK) and oxidative stress-responsive kinase 1 (OSR1), is critical to the transport activity of NKCC2 and NCC (2, 35) . Calcineurin appears to be involved in dephosphorylation and deactivation of the transporters via its action on these kinases. CNI have been reported to increase the abundance of phosphorylated CCC and their activating kinases along the distal nephron (2, 13) . In line with this, application of diuretic drugs acting in the distal nephron efficiently alleviates CNI-induced salt retention and hypertension both in mouse models and in patients (13, 20) . However, the mechanisms of CNI-induced hypertension are more complex, encompassing not only intraepithelial but also paracrine and systemic variables that affect renal salt handling, and individual susceptibility of patients also plays a role (12, 14, 19, 25) . With respect to the systemic action of CsA, it has been suggested that stimulated arginine vasopressin (AVP) signaling may contribute to CsA-induced hypertension through vascular effects (23, 24) . Other studies demonstrated activation of the renin-angiotensin-aldosterone system (RAAS) upon CsA administration (19) . CNI may therefore affect renal homeostasis systemically via modulation of major endocrine signals with the result of an aggravation of their renal side effects (19, 26) . Endocrine stimuli also affect activity of the CCC critically, as elucidated by substantially decreased NKCC2 function in AVP-deficient Brattleboro rats or reduced NCC function when RAAS activity is suppressed (5, 29, 30, 41, 42) . Despite their structural similarity, NKCC2 and NCC react differentially upon endocrine stimuli, with the TAL being more sensitive to AVP than the DCT, and the DCT more responsive to RAAS components (27, 30, 33, 38) . CNI may also modulate renal salt handling via their effects on relevant paracrine mechanisms, including the effects on cyclooxygenase-2 (COX-2) and local prostaglandin pathways. Notably, the function of renal COX-2 has been linked with AVP signaling (12, 18) . Despite previous effort, the mechanisms of CNIinduced direct activation of NKCC2 and NCC as well as the contribution of CNI-dependent systemic effects have so far not been sufficiently clarified. To gain better insight, we have evaluated the effects of CsA in normal Wistar rats, AVPdeficient Brattleboro rats, and cultured TAL and DCT cells. Our results suggest that local calcineurin inhibition in DCT cells is sufficient to induce NCC activation, whereas activation of NKCC2 requires additional systemic stimulation by AVP.
MATERIALS AND METHODS
Animals, tissues, treatments. Adult (10 -12 wk) male Wistar and AVP-deficient Brattleboro rats were kept on standard diet and tap water. For evaluation of short-term CsA effects in wild-type rats, animals were divided into groups (n ϭ 5 for biochemical evaluation and at least n ϭ 4 for morphology) receiving CsA (30 mg/kg body wt sandimmune; Novartis, Nürnberg, Germany) or vehicle (chremophor; Sigma-Aldrich, Munich, Germany) for 1 or 4 h, respectively, by intraperitoneal injection. For biochemical analysis, rats were killed, and the kidneys were removed. For morphological evaluation, rats were anesthetized (ketamine/xylazine; Sigma-Aldrich) and perfusion fixed retrogradely via the aorta abdominalis using 3% paraformaldehyde (39) . For long-term CsA studies, wild-type rats were divided into groups (n ϭ 10 for physiological analysis and n ϭ 4 for morphology) receiving CsA (30 mg/kg body wt) or vehicle (chremophor) for 14 days by daily subcutaneous injection. For physiological analysis, animals were individually placed in metabolic cages. Rats received normal food and tap water ad libitum, and 24-h urine was collected. Urine sodium and creatinine concentrations as well as plasma renin activity were determined. Evaluation of systolic blood pressure was performed by the tail-cuff method on anesthetized rats. For furosemide tests, rats were injected intraperitoneally with one dose of furosemide (40 mg/kg body wt; Sigma-Aldrich), and urine was collected 4 h following injection. Blood was collected via the tail vein and during euthanization concomitantly with organ collection. For morphological evaluation, rats were anesthetized and perfusion fixed retrogradely via the aorta abdominalis using 3% paraformaldehyde. For evaluation of the effects of calcineurin inhibition in rats lacking endogenous AVP, Brattleboro rats (n ϭ 6/group) received a single dose of CsA (30 mg/kg body wt ip) or vehicle (chremophor) and were killed 4 h after injection; kidneys were removed. All experiments were approved by the Regional Office for Health and Social Affairs Berlin (LAGESO permission G0220/12).
Cell culture. SV40-transformed rat TAL cells (raTAL) were cultured as previously described (44) . Mouse DCT (mDCT) cells (9) were cultivated in 75-cm 2 cell culture flasks in RPMI medium (Biochrom, Berlin, Germany) with 10% fetal calf serum and 1% penicillin/streptavidin at 37°C, 95% humidity, and 5% CO2. Cells were grown to confluent monolayers, stimulated with 1 M CsA (Santa Cruz Biotechnology, Heidelberg, Germany), 10 M desmopressin (DDAVP; Sigma-Aldrich), or both agents simultaneously in culture medium for 4 h, harvested in Igepal lysis buffer (Sigma-Aldrich), and whole cell lysates were prepared for immunoblotting.
Primary antibodies. Antibodies recognizing NKCC2 (29) , phospho-T96/T101-NKCC2 (29) , NCC (29) , phospho-S71-NCC (29), renal outer medullary K channel (ROMK; Sigma-Aldrich), ATP-sensitive inward-rectifier K channel (Kir4.1; Alomone Laboratories, Duisburg, Germany), SPAK (COOH-terminal) (21) , OSR1 (University of Dundee) and phosphorylated SPAK/OSR1 species [pT243-SPAK/ pT185-OSR1 (catalytic domain) and pS383-SPAK/pS325-OSR1 (regulatory domain); University of Dundee], COX-2 (Santa Cruz Biotech-nology), ␤-actin (Sigma-Aldrich), and GAPDH (Santa Cruz Biotechnology) were applied as primary antibodies.
Immunofluorescence. Cryo (7 m)or paraffin (4 m) sections from rat kidneys were incubated with blocking medium (30 min) before incubation with primary antibodies diluted in blocking medium (1 h, overnight); multiple stainings were separated by washing steps. Fluorescent Cy2-, Cy3-, or Cy5-conjugated antibodies (DIANOVA, Hamburg, Germany) were applied for detection. A Zeiss confocal microscope (LSM 5 Exciter) was used for evaluation of sections. To identify TAL and DCT, kidney sections were double stained with NKCC2 or NCC, respectively. For evaluation of phosphorylated (p)-NKCC2, pNCC, and pSPAK/OSR1 fluorescent signal intensities, sections were labeled with antibodies to their phosphorylated species followed by labeling with antibodies recognizing the respective proteins independently on their phosphorylation state. Micrographs were obtained using ZEN2008 software (Zeiss), and signal intensities in individual tubular profiles were analyzed with ImageJ software (40) . Phosphosignals were normalized to respective total signals. Four to six animals with at least 20 similar tubular profiles per individual were evaluated per group in a blind fashion. Mean signal values were obtained within the depth of 2 m to the apical membrane, and normalization to background signal over the cell nuclei was performed. Quantification of COX-2 signal at the macula densa and adjacent TAL portions was performed by counting cells histochemically positive for COX-2.
Immunoblotting. Whole kidneys were homogenized in buffer containing 250 mM sucrose, 10 mM triethanolamine, and protease inhib-itors (Complete; Roche Diagnostics, Berlin, Germany) and sonicated for 10 s, and nuclei were removed by centrifugation (1,000 g for 10 min). Cell lysates were homogenized, sonicated, and centrifuged likewise for protein extraction. Polyacrylamide minigels (10%) were used to electrophoretically separate proteins, which were subsequently transferred to polyvinylidene fluoride membranes, followed by blocking (30 min) and incubation with primary antibody (1 h at room temperature or overnight at 4°C). Detection was performed using horseradish peroxidase-conjugated secondary antibodies (DAKO, Hamburg, Germany) followed by chemiluminescence exposure of the membranes. Signals were detected using the ChemoCam Imager ECL (Intas, Göttingen, Germany) and evaluated densitometrically using ImageJ software.
Quantitative PCR. RNA was extracted from whole kidney lysates using an RNA extraction kit (Stratec Biomedical, Birkenfeld, Germany) and reverse transcribed into cDNA using Tetro Reverse Transcriptase (Promega, Mannheim, Germany). Quantitative PCR was performed using HOT FIREPol EvaGreen qPCR Mix (Solis BioDyne, Tallinn, Estonia) and primers specific for COX-2 (forward: 5=-TGACAGCCCACCAACTTACA-3=, 
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CYCLOSPORINE A ACTIVATES RENAL Na-K-Cl COTRANSPORTERS GACCGCAAATTA-3=, reverse: 5=-TCGAACTATATTGGGATGCT-GGA-3=). Gene expression analysis was performed applying the ⌬⌬Ct method. Expression was normalized against ␤᎑actin. Ultrastructural analysis. For evaluation of NKCC2 and NCC distribution, electron microscopy was performed on perfusionfixed ultrathin LR-White sections. Primary antibodies and 5-nm nanogold-labeled secondary antibodies (Amersham) were applied for detection and visualized using transmission electron microscopy (Tecnai; FEI). Immunogold signals in TAL and DCT profiles were quantified according to an established protocol (38, 39) . Signals within a 20-nm distance to the plasma membrane were defined as membrane bound, whereas signals detected below 20 nm until the nuclear envelope were defined as cytoplasmic. At least 10 profiles and 4 cells per profile were evaluated per individual animal.
In situ hybridization. For evaluation of renin mRNA, in situ hybridization was performed on perfusion-fixed paraffin-embedded kidney sections. Antisense RNA probes labeled with digoxygenin (DIG) were hybridized and recognized with secondary anti-DIGalkaline phosphatase-conjugated antibody (DAKO) (1) . Detection was performed by incubating the sections with nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate (Roche Diagnostics). Renin mRNA-expressing arteriolar sites were quantified as described previously (3). Sections were analyzed with a Leica DMRB microscope (Leitz).
Statistical analysis. Statistical significance was determined applying parametric Student's t-test or nonparametric Mann-Whitney test. Two-way ANOVA with Bonferroni correction was applied for evaluation of physiological data received from metabolic cage experiments. P values of Ͻ0.05 were considered significant. All data are expressed as means Ϯ SE. 
RESULTS

Acute administration of CsA induces NKCC2 and NCC activation in vivo.
Wistar rats were treated with CsA or vehicle for 1 or 4 h, respectively, to evaluate short-term effects of CsA on renal CCC and their activating kinases. The 1-h period was chosen to assess fast changes on posttranslational level such as protein phosphorylation or trafficking events, whereas the 4-h period aimed at the detection of potential early changes in mRNA or protein abundance. Phosphorylation of NKCC2 and NCC was increased after both 1h [ϩ131% for pT96/pT101-NKCC2 (pNKCC2) and ϩ190% for pS71-NCC (pNCC), P Ͻ 0.05; Fig. 1, A and B] and 4h (ϩ197% for pNKCC2 and ϩ410% for pNCC, P Ͻ 0.05; Fig. 2, A and B) of CsA administration compared with the vehicle control groups, whereas their total abundance was unchanged (Figs. 1, A and  B, and 2, A and B) . Because CNI are known to induce hyperkalemia in patients and animal models (31), we also evaluated the relevant distal potassium channels, ROMK and Kir4.1, by immunoblotting. Protein abundance of ROMK and Kir4.1 was not altered upon 4 h CsA (Fig. 2, A and B) . Surface expression of NKCC2 and NCC, as assessed by immunogold electron microscopy, was unchanged after 1 h of CsA (not shown), whereas a moderate increase was detected after 4 h of CsA treatment compared with vehicle treatment (ϩ20% for NKCC2 and ϩ13% for NCC, P Ͻ 0.05; Fig. 3, A and B) . Confocal microscopic evaluation of phosphorylated SPAK/ OSR1 species revealed no significant CsA-induced changes in the TAL but substantially increased apical signals in the DCT (Fig. 4B ) upon CsA administration [ϩ49% for pS383-SPAK/ pS325-OSR1; regulatory domain (pS-SPAK/OSR1) after 1 h and ϩ94% for pS-SPAK/OSR1 after 4 h, P Ͻ 0.05; Fig. 4 , C and D]. Total abundance of the kinases was not affected as shown by immunoblots ( Fig. 5, A-D) . At the mRNA level, expression profiles of WNKs, SPAK, OSR1, NKCC2, and NCC showed no changes upon 4 h CsA (Fig. 6 ). COX-2, which is regulated by the calcineurin-nuclear factor of activated T cells pathway (12) , was expectedly suppressed after 4 h of CsA treatment (Ϫ41%, P Ͻ 0.05; Fig. 6 ). These results suggest that short-term calcineurin inhibition using CsA activates the WNK-SPAK/OSR1 cascade and their renal substrates, NKCC2 and NCC, by increasing their apical abundance and phosphorylation levels. Parallel suppression of COX-2 may further 
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Chronic administration of CsA activates renal CCC, modulates juxtaglomerular COX-2 and renin expression, and induces salt retention and hypertension. Long-term effects of
CsA were analyzed in Wistar rats treated with vehicle or CsA for 14 days. At the mRNA level, expression of WNKs, SPAK, NKCC2, and NCC was not altered upon 14 days of CsA treatment, but OSR1 expression was moderately increased (ϩ24%, P Ͻ 0.05; Fig. 7) . Expression of COX-2 mRNA was suppressed following 14 days of CsA treatment (Fig. 7) . Confocal microscopic evaluation of NKCC2, NCC, and SPAK/ OSR1 showed CsA-induced increases in abundance of their phosphorylated species without concomitant changes in their total protein levels [pNKCC2: ϩ46%; pNCC: ϩ19%; Fig. 8 , A-C; pT243-SPAK/pT185-OSR1; catalytic domain (pT-SPAK/OSR1): ϩ123% in DCT; pS-SPAK/OSR1: ϩ36% in DCT; P Ͻ 0.05; Fig. 9 , A-C]. Because CNI have been reported to modulate the function of the juxtaglomerular apparatus with effects on distal salt handling, we analyzed local COX-2 and renin synthesis as well as the systemic activity of renin. Chronic administration of CsA markedly suppressed the juxtaglomerular expression of COX-2 (Ϫ93%, P Ͻ 0.05; Fig. 10 , A and C) but augmented the expression of renin mRNA (ϩ72%, P Ͻ 0.05; Fig. 10, B and D) and strongly increased the plasma renin activity (ϩ966%, P Ͻ 0.05; Fig. 11A ). These results suggest that CsA may stimulate renal salt reabsorption via local intraepithelial, paracrine, and systemic mechanisms. In line with this, physiological evaluation in metabolic cages revealed marked CsA-induced decreases of urinary salt excretion on day 1 (Ϫ31%, P Ͻ 0.05; Fig. 11B ) and day 10 (Ϫ51%, P Ͻ 0.05; Fig. 11B ) of treatment as well as a moderate but significant increase in blood pressure on day 7 of treatment compared with vehicle [113 (vehicle) vs. 121 (CsA) mmHg; P Ͻ 0.05; Fig. 11C ]. Previous studies propose that CNIinduced salt retention results chiefly from the activation of NCC. To demonstrate the respective contribution of NKCC2, we performed a furosemide response test, which revealed stronger furosemide-induced salt loss in rats receiving CsA compared with vehicle-treated animals, indicating increased NKCC2 function upon CsA treatment (ϩ104%, P Ͻ 0.05; Fig.  11D ).
AVP is required for CsA-induced NKCC2 activation but dispensable for activation of NCC. To test whether AVP contributes to CNI-induced activation of NKCC2 or NCC, we treated AVP-deficient Brattleboro rats with CsA or vehicle for 4 h and compared immunoblot profiles of the distal transporters and kinases between groups. CsA did not alter the abundance of NKCC2, NCC, or pNKCC2 but significantly increased the level of pNCC (ϩ68%, P Ͻ 0.05; Fig. 12, A and B) . These results suggest that CNI-induced activation of NKCC2 requires at least baseline AVP levels, whereas activation of NCC can occur independent of AVP signaling.
To provide further support for the idea that local inhibition of calcineurin in DCT cells is sufficient for NCC activation, we examined the effects of CsA in cultured mDCT cells (9) . Compared with vehicle, application of CsA for 4 h increased the levels of phosphorylated NCC (ϩ375% for pS71-NCC, P Ͻ 0.05; Fig. 12, C and E) and SPAK/OSR1 (ϩ68% for pS-SPAK/OSR1, P Ͻ 0.05; Fig. 12, C and E) as detected by immunoblotting. In contrast, the same CsA treatment protocol did not induce any significant changes in SPAK/OSR1 or NKCC2 phosphorylation in cultured raTAL cells in the absence of AVP (Fig. 12, D and E) . However, in the presence of the AVP receptor 2 agonist DDAVP in the culture medium, CsA markedly increased phosphorylation levels of NKCC2 (ϩ46% for DDAVP and ϩ97% for DDAVP ϩ CsA, P Ͻ 0.05; Fig. 13, A and B) and SPAK/OSR1 (ϩ65% for DDAVP, not significant; ϩ92% for DDAVP ϩ CsA, P Ͻ 0.05; Fig. 13, A  and B) in raTAL cells. These results corroborate the dominant role of local calcineurin-dependent regulation of NCC in DCT cells and suggest a permissive role of AVP in TAL.
DISCUSSION
The presented data provide new insight into the effects of CsA on salt handling along the distal nephron and the contribution of endocrine stimulation by AVP. With respect to the local effects of calcineurin inhibition in TAL or DCT cells, our results on short-and long-term effects of CsA corroborate and extend previous reports on the role of posttranslational modification of the CCC by phosphorylation (2, 10) . The observation of a parallel increase in surface expression of both NKCC2 and NCC upon CsA treatment provides additional evidence for their activated state and supports previous hypotheses that phosphorylation stabilizes the transporters within the plasma membrane (4, 37) . Increased abundance of phosphorylated NKCC2 and NCC may thus result either from inhibition of relevant phosphatases or activation of WNK/SPAK-OSR1 kinases (21, 34) . Earlier studies have documented increased abundance of WNK and SPAK kinases following chronic CsA or tacrolimus administration (13, 22) . Although no substantial changes in expression or protein abundance of WNKs or SPAK/OSR1 were detected throughout the CsA treatment protocols used in this study, increases in their phosphorylation levels clearly support the idea that effects of CsA on CCC are, at least in part, mediated via activation of the WNK-SPAK/ OSR1 pathway (13, 22) . Our results thus underline the role of posttranslational regulation by phosphorylation/dephosphorylation reactions. Previously, we suggested that calcineurin may Fig. 11 . Long-term (14-days) effects of cyclosporine A on renin activity, arterial blood pressure, and sodium handling. A: plasma renin activity in vehicle-treated and cyclosporine A-treated (14 days) rats. B: 24-h urine sodium excretion in vehicle-and cyclosporine A-treated rats on treatment days 1 and 10. C: systolic blood pressure (SBP) in anesthetized vehicle-and cyclosporine A-treated rats measured by noninvasive tail cuff measurement. D: furosemide test in vehicle-and cyclosporine Atreated rats, as evaluated by the ratio of urinary sodium excretion after (UNa-Furo) and before (UNa-Veh) furosemide application; data were normalized to creatinine excretion. Data are means Ϯ SE; *P Ͻ 0.05 for vehicle vs. cyclosporine A; #P Ͻ 0.05 for day 1 vs. day 10 (B). interact with renal CCC or their activating kinases via scaffolding mechanisms rather than direct interactions because neither the transporters nor the kinases possess known calcineurin-binding motifs but show multiple interactions by co-immunoprecipitation (2, 39) . Alternatively, effects of calcineurin may be mediated by protein phosphatase 1 (34) .
Apart from the direct effects in distal renal epithelia, CsA may facilitate renal salt reabsorption via endocrine and paracrine mechanisms, or by stimulation of the renal sympathetic innervation (12, 19, 26) . Renin expression and activity were clearly increased upon CsA administration in our rat model, likely reflecting augmented sympathetic activity and local effects of calcineurin inhibition in renin-producing juxtaglomerular cells (19) . Stimulation of renin activity was probably unrelated to paracrine mechanisms within the juxtaglomerular apparatus because COX-2 expression was suppressed in CsAtreated rats. Transcriptional control of COX-2 is mediated by nuclear factor of activated T cells transcription factors and, therefore, depends on calcineurin (12, 15) . COX-2 is a critical enzyme for the biosynthesis of prostaglandin E 2 and I 2 , which have been implicated in the modulation of glomerular filtration rate and NKCC2 function (16, 32) . Although effects of renal COX-2 suppression on salt handling are reportedly complex (33) , global inhibition of COX-2 has been shown to induce or aggravate salt-sensitive hypertension via cross talk between hematopoietic cells and the kidney (46) . Therefore, CsAinduced stimulation of RAAS and inhibition of COX-2 may synergistically enhance salt reabsorption along the distal nephron, thus contributing to the development of CNI-induced hypertension (14, 46) .
Another principal component of this study was the role of AVP during CsA-induced activation of NKCC2 and NCC. Treatment of AVP-deficient Brattleboro rats with CsA for 4 h induced an increase of NCC phosphorylation but no concomitant stimulation of NKCC2, suggesting that activation of the latter depends on the presence of AVP. In line with this, application of CsA in cell culture induced activation of SPAK and NCC in mDCT cells but did not affect SPAK or NKCC2 in raTAL cells. Although robust expression of the vasopressin V 2 receptor (V 2 R) was documented along the entire distal nephron (6, 27, 29) , the impact of AVP signaling on transport function may differ between the TAL and the DCT (17) . The TAL in particular appears to strongly depend on AVP, which is compatible with its major role in the urinary concentration process (5, 27) . In line with this idea, previous studies in Brattleboro rats documented almost complete absence of phosphorylated NKCC2 in their kidneys, whereas NCC phosphorylation was less affected in this model (29, 30) . Along the same line, our recent evaluation of V 2 R function in the TAL using transgenic rats with segment-specific overexpression of a dominant-negative V 2 R mutant showed substantial deficits in NKCC2 phosphorylation and function (27) . Overall, previous and present results suggest that AVP signaling is indispensable for proper NKCC2 phosphorylation, most likely because of its facilitating effects on relevant kinases such as WNK-SPAK/ OSR1 kinases, protein kinase A (PKA), or AMP-activated protein kinase (11, 39) . Some of these effects, such as activation of PKA, may depend on AVP-induced intracellular cAMP release (11), whereas the molecular components activating WNK-SPAK/OSR1 kinases still remain to be found (39) . Because the sensing of intracellular chloride concentration has been increasingly recognized as a unique property and major function of WNK kinases (43) , it is tempting to speculate that AVP may affect intracellular chloride levels in TAL cells to regulate the WNK-SPAK/OSR1 pathway. In this context, we have previously shown that uromodulin contributes to adjust baseline and AVP-induced NKCC2 phosphorylation via effects on intracellular chloride (28) . Therefore, diminished activity of NKCC2-phosphorylating kinases in the absence of AVP may explain the failure of CsA to augment its phosphorylation in Brattleboro rats or cultured raTAL cells lacking AVP. This idea is further supported by the fact that, in DDAVP-treated raTAL cells, CsA produced clear increases of SPAK/OSR1 and NKCC2 phosphorylation levels in the present study. Therefore, in the presence of AVP, NKCC2 activity appears to contribute to CsA-induced salt retention, as has been demonstrated by the furosemide test in the present study. In contrast to the TAL, local inhibition of calcineurin in DCT cells by CsA induced a substantial increase of NCC phosphorylation. Likewise, our recent work demonstrated that tacrolimus-induced activation of NCC chiefly relies on local calcineurin inhibition in DCT cells because renal deletion of the respective immu- nophilin, FK506-binding protein 12, abolished effects of tacrolimus on NCC phosphorylation in mice (20) . In summary, the results of the present study demonstrate that CsA-induced activation of NKCC2 and NCC occurs chiefly at the posttranslational level via increased phosphorylation of the transporters and their activating kinases. Local calcineurin inhibition in DCT cells is sufficient to induce NCC activation, whereas activation of NKCC2 appears to require additional stimulation by AVP. Our data provide further support for the use of thiazides in patients with CNI-induced hypertension and suggest that furosemide or V 2 R-antagonists may be useful as well. In view of the broad use of CNI our data have clinical implications in posttransplantational immunosuppression.
